cytomas in this period, as well as cases in which the brachium pontis was partially affected by the tumor, and those in which the floor of the fourth ventricle was slightly affected by the tumor, but not cases with intrinsic brainstem tumors with or without exophytic extension. Three patients had neurofibromatosis Type 1 and 1 patient had tuberous sclerosis. The data in the case records included sex, age at the time of primary tumor resection, and treatment of eventual persistent hydrocephalus. The data on persistent hydrocephalus were analyzed using the Fisher exact test. For patients who had been followed in other neurosurgical units, information was also obtained from the relevant departments. Scholastic outcome was simplified into normal versus special schooling, and employment attendance simplified as open (standard jobs), sheltered (jobs given to those with disabilities), or no work.
Tumor Neuroimaging
From 1987, when MRI became available, tumors were visualized on preoperative MRI and repeat MRI was introduced in the follow-up evaluation. The aim of the surgical procedure was gross-total resection, and the degree of resection was evaluated by immediate postoperative MR images, most often during the same anesthetic procedure. During the years 1993-1996, after some experience with MRI in the management of these patients, our practice changed to performing a suboccipital craniotomy instead of a craniectomy during these procedures. In total, 37 patients underwent a craniectomy in the first part of this series, while 63 patients were operated on via a craniotomy thereafter.
Assessment of Functional Status
The Barthel Index score is a well-established and validated scale that uses 10 variables to measure performance in basic activities of daily living, primarily related to personal care and mobility.
14 Scores range from 0 to 100, and a higher score denotes greater independence. The purpose of using this measure was to assess functional status and illustrate eventual differences among subgroups within our cohort.
Results
The age of the children at primary surgery is illustrated in Fig. 1 . Sixty-one patients were in the 1st decade and 39 were in the 2nd decade. The median age of the study population was 8 years. The male/female ratio was 1.13:1 (53 males, 47 females).
There were no surgical deaths in this series. All patients are alive, and their current age distribution is 2-48 years. No patients were lost to follow-up, and the followup period was 0-9 years in 29 patients, 10-19 years in 37, and 20-31 years in 34 patients (Fig. 2) .
Although there was no surgical mortality in this series, 2 children demonstrated cerebellar mutism (mute and unresponsive) in the immediate postoperative period. Both of these children underwent operations for extensive midline tumors. The first patient, a 5-year-old boy, woke up 3 weeks after the operation and recovered rapidly thereafter. The second patient, a 7-year-old girl, recovered slowly and gradually. Five years after the operation she is clearly ataxic, but otherwise quite well.
Motor Function and Activities of Daily Living
Ninety-seven patients had a normal Barthel Index of 100. There was only 1 significantly poor result on the Barthel Index. A 12-year-old boy was operated on in 1985 for a cerebellar astrocytoma. In 1991 he underwent a second resection because of a large recurrent tumor, at that point partially affecting the brainstem. Postoperatively he experienced a left-sided hemiplegia, right-sided facial palsy, ataxia, and partial swallowing problems. He also received a shunt for hydrocephalus. During a shunt failure episode in 1999, he underwent a ventriculocisternostomy and his ventriculoperitoneal shunt was explanted. He is wheelchair-dependent and has a Barthel Index of 40.
Two other patients had a Barthel Index of 90. One of the patients is partly dependent on a gastric tube, and the other has a somewhat reduced function after a serious hydrocephalic episode.
School, Education, and Work Outcomes
Forty-one patients were younger than 20 years, and all followed a regular school program. Eighteen patients were 20-24 years old. Fifteen of these patients were students or in regular work, while 3 were outside the labor market (unemployed). One of these 3 patients is autistic, as before the operation, and 2 others have severe epilepsy, most probably not related to the cerebellar tumor disease or operative treatment.
The remaining 41 patients were 25-48 years old. Apart from the patient with a Barthel Index of 40, 2 others were unemployed at least partially due to other medical problems, while the rest were well functioning, in partial or full-time work, or home with small children.
Management of Hydrocephalus
In 90 of these patients hydrocephalus was present, often rapidly progressive, with supratentorial ventricular enlargement on CT or MRI, as well as clinical signs of increased intracranial pressure. One patient underwent a ventriculocisternostomy in advance of the tumor resection, and in 3 children the posterior part of the lateral ventricle was drained by a ventricular catheter in the early phase of the operative procedure to reduce the infratentorial pressure. In the other cases, however, intraoperative CSF drainage from the posterior fossa cisterns was sufficient to control the pressure problem.
Systematic use of methylprednisolone before, during, and after the operation often reversed the clinical signs of raised intracranial pressure before the operative procedure. In 75 of these children, the hydrocephalic problem resolved after the tumor resection. In 15 patients, however, the problem persisted in terms of CSF leakage or reappearance of signs of increased intracranial pressure. In summary, 15 patients experienced a persistent hydrocephalic problem, which was treated using a shunt system. One of these 15 patients first underwent a ventriculocisternostomy procedure, which did not sufficiently resolve the problem. We believe that all 15 cases with persistent hydrocephalus are shunt dependent, and 4 of them have experienced 1 or more episodes of shunt failure that required shunt revision. In 1 of these cases, a ventriculocisternostomy successfully resolved the problem.
During the years 1993-1996 our operative technique was changed from a suboccipital craniectomy to a craniotomy. Ten of the 37 patients who underwent a craniectomy experienced persistent hydrocephalus (28%), whereas only 5 (8%) of 63 patients in the craniotomy group underwent long-term hydrocephalus treatment (p < 0.01, Fisher exact test). Other changes in the management of patients over time could also explain this difference. Four of the 9 patients who underwent repeat tumor resection required hydrocephalus treatment.
Surgical Results
All 100 of these children underwent a primary tumor resection for a low-grade cerebellar astrocytoma. Three tumors were described as WHO Grade II (fibrillary astrocytomas), 3 were astrocytomas of uncertain type, while the rest were WHO Grade I (pilocytic astrocytomas). In the 1st decade (the 1980s), pre-and postoperative visualization was mostly conducted using CT scans of the quality for that period. Gross-total resection was the aim of the operative procedure, but judgment of the completeness of the resection was also based on the surgeon's description.
In a few children the surgeon deliberately left some tumor tissue unresected due to slight involvement of the brainstem (brachium pontis, floor of the fourth ventricle). In 4 of 32 patients who underwent operations in the 1980s, a subtotal resection was described and postoperative radiation was administered to the posterior fossa. The ages of these 4 children were 4, 7, 8, and 14 years at the time of radiation treatment. The 4-year-old girl developed pituitary deficiency and received pituitary hormone supplementation. She is now 30 years old and performing part-time work.
During the last 23 years no patients have received postoperative radiation therapy, but have been followed clinically and using serial MRI. Most of the patients have demonstrated no residual or recurrent tumor disease on MRI. In a number of cases, however, there was variable (irregular) attenuation within the resection cavity border, but without contrast enhancement. 18 These cases have proved to be stable over time and without signs of progressive tumor recurrence.
A total of 113 tumor resections were performed. In cases with primary proven residual tumor, further operative resection was performed. This was the case in 2 children in whom the immediate postoperative MRI demonstrated unexpected contrast-enhanced residual tumor, and further resection was undertaken on the next day. In 9 other patients the serial follow-up MRI demonstrated progressive residual or recurrent tumor growth, leading to a second tumor resection, ranging from 3 months to 10 years after the initial procedure (Table 1) . Among these patients was a 2-year-old girl with a dramatic tumor recurrence after only 14 weeks. This patient received postoperative chemotherapy (low-grade glioma protocol) for a year after the second operation, and has been doing quite well during the subsequent 7-year follow-up. She is the only child who has been administered chemotherapy in this series.
Among the 9 children who underwent a second resection, 2 experienced a second tumor recurrence. Each of these patients underwent a third tumor resection, 14 and 18 months after the second operation, respectively. The follow-up results in these 2 patients have been uneventful for another 8 and 12 years, respectively ( Table 1) .
Three of the patients have neurofibromatosis Type 1. Two of them were among the children who underwent further resection due to progressive recurrence, and 1 also underwent a third resection. 3 In our series, the number of nonpilocytic tumors was so small that it does not provide information on the impact of this category.
Heiskanen and Lehtosalo 11,12 reported a 5% surgical mortality rate in 55 cerebellar astrocytomas operated on between 1968 and 1982. Among the survivors there was 100% 5-year survival and 97% 10-year long-term survival. Three patients demonstrated recurrent tumor and underwent repeat resection, but 2 later died of their tumors.
Abdollahzadeh and coworkers 1 reported on a series of 66 children operated on for benign cerebellar astrocytomas between 1980 and 1992 without perioperative or postoperative mortality. All patients survived the followup period of 2-12 years. Five patients with incomplete primary resections underwent 1-3 repeat resections due to tumor progression.
It has been argued that the prognosis of low-grade cerebellar astrocytoma in children younger than 5 years of age may be less favorable. 9, 13, 22 Several authors who discuss the impact of age on prognosis, however, refer to series that include infratentorial as well as supratentorial low-grade astrocytomas. In our series, 32 children were 0-4 years old at the primary surgery. These patients have recovered very well, despite the fact that 6 have undergone repeated resection for recurrent progressive disease. They are now without residual tumor on MRI, and the follow-up duration after the second resection ranged from 5 to 17 years.
Kibirige et al. 13 claim that the prognosis for children operated on in the first years of life may be even less favorable. Their series, however, included a large proportion of cases operated on before the CT era, and it is difficult to interpret if this tendency could be caused by a lack of modern operative facilities. Nine of our patients were younger than 2 years, and no less than 4 underwent a second resection for recurrent tumor, but they are all doing well after an uneventful follow-up period of 5-17 years after the second resection.
This single-institution consecutive series included 100 cases without any operative mortality, and covers a period of 31 years. It is well known that the biological behavior of these tumors may vary, even if the results are generally good in this group. In the time before MRI of the posterior fossa became available (1987), evaluation of residual or recurrent tumor problems was more difficult. In this series, 4 of 32 patients who underwent primary operations in the 1980s were given postoperative radiation to the tumor field, based on known or anticipated residual tumor. Based on details on immediate postoperative and follow-up MR images, none of the remaining 68 patients received postoperative radiation. This shift in policy was also influenced by our experience with postoperative radiation treatment of children with posterior fossa medulloblastomas after 1974, with subsequent improvement in survival, but with considerable incidence of treatment sequelae.
Therefore, our strategy has been to perform repeat resection when indicated. Apart from 2 patients who underwent further resection on the next day due to unexpected residual tumor, 9 patients underwent a second tumor resection due to progressive residual or recurrent tumor. Only once was this second operation performed early: in the young girl with dramatic recurrence after only 3 months. This patient was the only one who received chemotherapy for a year after the second resection. The other repeat operations were performed up to 10 years after the initial procedure.
No patient currently has progressive disease, but several are in an early follow-up period. A few have a stable residual tumor, in which further resection has been withheld due to localization in the brachium pontis. In other patients, the wall of the resection cavity has characteristics that may include small amounts of nonenhancing tumor, but where repeated imaging over time does not indicate progressive disease.
As discussed previously, we have also encountered some cases in which follow-up images have demonstrated contrast enhancement that has diminished over time or disappeared, and where spontaneous tumor regression may have taken place. 8 Several authors 2, 20 have pointed to such spontaneous regression of residual tumor, and it is well known that incomplete resection may be sufficient to obtain long-term control of disease. 17 It is therefore our policy to wait for residual tumor growth before a second resection is considered, unless it is found on the immediate postoperative MR image and appears easily resectable. Others consider radiation therapy for recurrent tumor as an alternative to a second resection, and it should be considered if a repeat resection involves a considerable risk with respect to novel neurological deficits. 19 Campbell and Pollack 5 defer radiation therapy until there is evidence of progressive disease that is surgically unresectable.
Another topic for discussion is the need for long-term follow-up in these patients. In this series, a second resection was performed in 9% of the patients, up to 10 years after the primary treatment. In a patient operated on prior to this series, we performed a second resection after 21 years, and benign recurrence after radical removal of pilocytic cerebellar astrocytoma has been reported up to 36 years. 16 Whereas very late recurrence after gross-total resection may be very rare, and the need for prolonged MRI follow-up may be a matter of dispute, late recurrences do occur. 16 Ogiwara and coworkers 15 indicate that a follow-up period of 8-10 years is appropriate in patients in whom a complete resection has been performed. Sut-ton et al. 21 claim that children with completely resected cerebellar astrocytomas do not benefit from routine surveillance, but that surveillance is of benefit in those who may demonstrate subtotal resection on immediate postoperative MRI. The question of the degree of radical tumor resection on such MR images may, however, be a more difficult topic than a question of yes or no. 18 Our policy has therefore been to conduct long-term follow-up using MRI. If the 5-year image appears to show no recurrence, 5-to 10-year intervals may be appropriate. In the subgroup of patients with persistent hydrocephalus, the MR images provide valuable additional information.
The incidence of persistent hydrocephalus after posterior fossa tumor surgery varies among different patient series and has been related to the tumor type, with less persistent hydrocephalus shown in low-grade astrocytoma cases. In a previous study covering 1990 to 2003, we found no difference in persistent hydrocephalus between the craniectomy and craniotomy groups. 8 In this series, with a larger number of craniotomy cases, the incidence of individuals with shunts is lower in the later part of the study period. This difference could be associated with the introduction of craniotomy instead of craniectomy, or other changes in the management of patients over time.
Conclusions
Low-grade cerebellar astrocytoma is a disease with very rewarding long-term prognosis. Resection and even repeated surgery is generally well tolerated. In cases in which the brainstem was slightly affected, subtotal resection appeared to control the disease in most cases. Fifteen percent of the patients received shunts due to persistent hydrocephalus and 9% underwent repeated resection.
